(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
4 July 2002 (04.07.2002) 




PCT 



nun ii mi mill mi i mi ii iii 

(10) International Publication Number 

WO 02/052762 Al 



(51) International Patent Classification 7 : H04J 14/02, 

H04B 10/17 

(21) International Application Number: PCT/SE0 1/02840 

(22) International Filing Date: 

20 December 2001 (20.12.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0004784-5 22 December 2000 (22.12.2000) SE 

09/749,395 28 December 2000 (28.12.2000) US 

(71) Applicant (for all designated States except US): PROX- 
IMION FIBER OPTICS AB [SE/SE]; Isafjordsgatan 9, 1 
tr, S-164 40 Kista (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ASSEH, Adel 
[SE/SE]; Katarina Bangata 37, S-116 39 Stockholm 
(SE). BERGMAN, Mikael [SE/SE]; Odalslingan 38, 
S-175 43 Jarfalla (SE). SAHLGREN, Bengt [SE/SE]; 
Norrholmsvagen 92, S-132 31 Saltsjo-Boo (SE). SAND- 
GREN, Simon [SE/SE]; Fredhallsgatan 3, S-112 54 
Stockholm (SE). STUBBE, Raoul [SE/SE]; Kornvagen 
21, S-182 75 Stocksund (SE). 



(74) Agent: AWAPATENT AB; Box 45086, S-104 30 Stock- 
holm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EC, EE, 
EE (utility model), ES, FT, FI (utility model), GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SK (utility model), SL, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 







(54) Title: CHANNEL BALANCING OF A WAVELENGTH DIVISION MULTIPLEXED OPTICAL SIGNAL 

' — ^ (57) Abstract: The invention relates to methods and arrangements for channel balancing of a wavelenght division multiplexed opti- 
cal signal. Channel balancing according to the invention is performed by using a resonator that provides a selection region in which a 
selected channel has a substantially increased power density relative to channels out of resonance. The selected channel is attenuated 
a desired amount, i.e. a desired amount of poer is removed therefrom, by adjusting the prperties of the selection region. In a preferred 

£^ embodiment, attenuation is achieved by adjusting the selection region such that destructive interference is obtained for the selected 
channel in a fibre carrying the multiplexed optical signal. 



WO 02/052762 



PCT/SE01/02840 



1 



CHANNEL BALANCING OF A WAVELENGTH DIVISION MULTIPLEXED 

OPTICAL SIGNAL 

Technical field of the invention 

The present invention relates to channel balancing 
in optical wavelength division multiplexed (WDM) systems 
or dense WDM systems (DWDM) . More particularly, the pre- 
5 sent invention relates to methods and apparatus for con- 
trolling the power levels of individual wavelength chan- 
nels within a WDM or a DWDM signal . 

Technical background and related art 

10 In order to increase the transmission capacity of 

optical fibre networks and communication links, wave- 
length division multiplexing techniques are often util- 
ised. In WDM systems, a plurality of wavelength channels 
are transmitted through a single optical fibre (or possi- 

15 bly, other waveguiding means) . Due to the nature of 

light, cross -talk between different wavelength channels 
is negligible and very high transmission rates can be 
achieved . 

Although current optical fibres exhibit extremely 
20 low losses, optical repeaters are needed if transmission 
is carried out over long-haul transmission lines. Such 
optical repeaters typically comprise fibre amplifiers for 
amplifying the optical signal propagated by the fibre. 
The amplification in the amplifiers is normally slightly 
25 different for different wavelengths, i.e. for different 

channels within the WDM signal. Moreover, different wave- 
lengths may experience different losses along the optical 
network. Therefore, the relation between the power levels 
of the individual channels is not preserved throughout 
3 0 the network. 

It is often desirable to maintain a constant power 
distribution between the channels, or to maintain a con- 
stant signal-to-noise ratio between the channels. In 
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other cases, it can be desirable to maintain a certain 
power profile between the different wavelength channels 
in a WDM signal. To achieve this, it is necessary to in- 
troduce "gain equalisation" , also known as channel bal- 
5 ancing. A small variation between the channel powers at 
the transmitter can cause large variation between the 
channel powers at the other end. In general, the power 
levels of the different channels will change unpredict- 
ably as the signal propagates through the optical net- 

10 work. To overcome this problem, different approaches have 
been proposed. 

A first suggestion was to utilise pre-equalisation 
of the channels. Pre-equalisation is a method where the 
WDM signal is conditioned prior to transmission through 

15 the network. Compensation is then introduced at the 
transmitter in order to allow for upcoming channel - 
specific losses in the network. However, this method has 
some serious drawbacks. The amount of pre-equalisation 
possible is limited and may not be enough for the in- 

2 0 tended purposes. Furthermore, there has to be communi- 
cation back to the transmitter from the receiver. In par- 
ticular, this approach is only feasible in point-to-point 
connections where the routing through the network is the 
same for every channel in the WDM signal. 

2 5 To improve the channel balancing, it was proposed to 

equalise the channels at every amplifier stage. This 
could be done by demultiplexing the channels after each 
amplifier stage, then attenuating each channel sepa- 
rately, and subsequently multiplexing the channels back 

3 0 together for further transmission through the network. 

However, this approach required a very complex structure 
of hardware, and added tolerance penalties in the de- 
multiplexing/multiplexing stages. For these reasons, this 
approach was not feasible for commercial use. 
35 Alternatively, a multi-channel filter could be used. 

One example of such filter is an acousto-optic tuneable 
filter (AOTF) . An AOTF uses an RF signal to attenuate 
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each channel independently of the others. However, the 
AOTF requires high amounts of driving power to balance 
more than a few (2-4) channels, and there is an increased 
tendency to cross-talk between the channels due to the 
5 acousto-optic filtering. Consequently, the use of an AOTF 
is not feasible when trying to equalise a large number of 
channels in a DWDM signal. 

Another method is to use carefully designed passband 
filters to equalise the channels. Since this method is 

10 not tuneable, it is of minor importance in high-perform- 
ance optical networks. Furthermore, fixed filters are be- 
lieved to cause difficulties when used in connection with 
dynamic routing of channels, in which case it is not 
known in advance which way a certain channel will travel 

15 through the network. 

A recent effort towards channel balancing is dis- 
closed in US-A-6 134 034. In that case, feedback from a 
receiver to a transmitter controls the power levels of 
individual channels before multiplexing the channels to- 

20 gether. In essence, this is just pre-equalisation . As 

mentioned above, serious problems are connected with such 
an approach. Firstly, the method is only feasible for 
point-to-point connections. If the network is constituted 
by a mesh, in which the channels can take any route, the 

2 5 principle does not apply. Secondly, and as mentioned 

above, pre-equalisation is sometimes not enough. This is 
particularly obvious when it is not known at the trans- 
mitter which route each channel will take through the 
network . 

3 0 Consequently, there is a need for new methods and 

apparatus for channel balancing that can allow any rout- 
ing through the network, that can be located at any point 
in the network, and that dynamically equalise the power 
levels between channels according to any desired scheme. 
3 5 Summary of the invention 

A general object of the present invention is to pro- 
vide channel balancing in WDM or DWDM optical systems 
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that eliminates or at least alleviates the problems as- 
sociated with the prior art. This general object is 
achieved by methods, couplers and arrangements according 
to the appended claims. 
5 Moreover, the present invention provides other fea- 

tures and advantages that will become apparent when the 
following detailed description of some preferred embodi- 
ments is read and understood. 

Accordingly, the present invention provides a 

10 method, and an arrangement for performing the method, for 
channel balancing of a wavelength division multiplexed 
(WDM) optical signal, the method including the steps of 
identifying at least one channel, within said optical 
signal, having higher than a desired power level; estab- 

15 lishing a resonance to said channel, the resonance pro- 
viding a selection region where said channel has a sub- 
stantially increased power density relative to other 
channels in the optical signal; and attenuating said op- 
tical signal by manipulating the selection region, the 

2 0 attenuation thereby being negligible for any channel out 
of resonance but pronounced for the resonant channel . 

Hence, the channel balancing is performed directly 
upon the multiplexed optical signal without any actual 
demultiplexing, in a conventional context, of the same. 

2 5 Instead, one channel is singled-out in a selection region 

while other channels may remain multiplexed in the opti- 
cal signal . Light from the selection region is fed into 
the multiplexed optical signal, and by adjusting the pro- 
perties of the selection region, it is possible to apply 

3 0 desired effects on the channel. For example, the channel 

that is singled-out by the selection region can easily be 
attenuated virtually without affecting other channels 
within the optical signal. 

The present invention is based on a deep insight 
3 5 into resonantly enhanced channel separation in the opti- 
cal domain, and into the characteristics of Bragg gra- 
tings and how such grating work when provided in connec- 
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tion with a waveguiding structure. When a resonator is 
operatively connected to a waveguiding structure such as 
an optical fibre, a set of wavelength intervals will 
start to resonate in said resonator. Consequently, a high 
5 power level will build up inside the resonator, effect- 
ively filtering out the resonant wavelength (s) . If atten- 
uation is applied to a carefully selected portion of a 
waveguiding structure, comprising resonantly enhanced 
channel separation, attenuation will be provided predomi- 

10 nantly to desired channels. 

Channel balancing includes adjustment of the power 
level of one wavelength channel to a desired value. Thus, 
each channel within the WDM optical signal has an associ- 
ated desired value. The desired value could be equal for 

15 all channels, in which case the channel balancing causes 
the power level of all channels to be equal. In other 
cases, the desired value could be set according to some 
predefined profile. Such profile, for example, could com- 
pensate for known losses in a transmission system before 

2 0 sending the optical signal (pre-equalisation of chan- 

nels) . The desired value could also be such that each 
channel exhibits the same signal-to-noise ratio, i.e. 
channels for which more noise is expected in the system 
are given a higher power level than those for which less 
25 noise is expected. Noise is introduced by, for example, 
amplifiers in the transmission system (such as amplified 
spontaneous emission in fibre amplifiers) . Generally, the 
desired values could be set according to any input, in- 
cluding user input by means of a control console, the in- 

3 0 vent ion not being limited to any particular method for 

establishing the desired values. 

In one aspect, the present invention provides a 
method for channel balancing of a WDM optical signal, by 
which method single wavelength channels can be attenuated 
3 5 separately. Channel separation according to the invention 
is achieved by providing a resonator that is resonant to 
at least one wavelength channel within said optical sig- 
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nal . The resonator establishes a region where the reso- 
nant channel has a substantially increased power density 
with respect to non-resonant wavelength channels. Accord- 
ing to the invention, attenuation is provided in said re- 
5 gion of increased power density. Attenuation is thus pre- 
dominantly applied to the resonant channel, although the 
attenuation means per se might be non-discriminating in 
terms of wavelength. 

In another aspect, the present invention provides an 

10 arrangement for channel balancing of a WDM optical sig- 
nal. The arrangement comprises a spectrum analyser for 
analysing the power spectrum of the optical signal, and 
an attenuator for attenuating single wavelength channels 
within said optical signal. The arrangement further com- 

15 prises a resonator that is resonant to at least one spe- 
cific wavelength channel within the optical signal, and 
provides a selection region where a selected signal has a 
substantially increased power density in relation to 
channels out of resonance. Furthermore, the attenuator is 

2 0 arranged to attenuate said optical signal by acting upon 

or by adjusting the properties of the selection region. 
Thus, by providing a region where one channel within the 
optical signal is predominant, channel specific attenua- 
tion can be attained by using attenuation means that are 
25 essentially non-discriminating in terms of wavelength. 

In another aspect, the present invention provides 
dynamic optical filters, or couplers, that can be ar- 
ranged in cascade. The present invention provides optical 
filters that are both controllable in attenuation and 

3 0 tuneable in wavelength. One advantage of the present in- 

vention is that a plurality of filters can be tuned to 
approximately the same wavelength. By tuning more than 
one filter to wavelengths close to a selected wavelength 
channel, it is possible to shape the filtering. In other 
35 words, by superimposing the effects of a plurality of 

filters, the transmission of the filter can be tailored 
to a desired profile. For example, the transmission curve 
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of the filter can be flattened or broadened by allowing 
multiple filters to act on the same wavelength channel. 
In this way, a super dynamic capability can be achieved, 
further increasing the versatility of the channel balanc- 
5 ing according to the present invention. Preferably, in 
order to achieve this super dynamic capability, a set of 
sub-resonators are associated with a common channel 
within the WDM signal . 

In one embodiment, properties of the selection re- 

10 gion are adjusted in order to change the phase of light 
in the selection region. By directing part of the power 
of the selected channel into the selection region, and 
leaving part of the channel in the optical signal, a 
phase change of the light in the selection region can 

15 cause destructive interference of the channel when it is 
fed back into the multiplexed signal . Consequently, the 
selected channel can be removed from the multiplexed op- 
tical signal by destructive interference. In fact, the 
destructive interference can be arbitrarily tuned by 

2 0 properly adjusting the phase of the singled-out portion, 

thereby allowing attenuation of the channel to any chosen 
degree. When attenuation is effected by means of destruc- 
tive interference as described above, light is instead 
forced out of the selection region by making it impossi- 
25 ble for the light to continue to propagate in the multi- 
plexed optical signal. 

Thus, according to one embodiment of the present in- 
vention, attenuation of one channel is achieved by divid- 
ing the power of said channel in two portions, and then 

3 0 adjusting the phase of one of said portions so that when 

the two portions are brought back together, destructive 
interference occurs in the propagation direction of the 
optical signal. More particularly, an arrangement for at- 
tenuation by destructive interference comprises a 
3 5 waveguiding structure, preferably an optical fibre, into 
which the wavelength division multiplexed optical signal 
is directed. In said fibre, there is provided a deflector 
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arranged to deflect light into an external resonator, 
said deflector preferably comprising a blazed, or tilted, 
phase grating. The external resonator can be tuneable in 
order to allow tuning of the wavelength to which said 
5 resonator is resonant. The deflector is weak, in that it 
only deflects a small fraction of light impinging there- 
upon. However, a strong field will quickly build up in- 
side the resonator at the wavelength interval (or inter- 
vals) to which the resonator is resonant and thereby es- 

10 tablish a selection region in which the power density of 
the resonant wavelength is considerably higher than of 
other wavelengths. Thus, at equilibrium, higher power 
will be reflected back and forth between the mirrors in- 
side the external resonator, and the power deflected into 

15 the resonator from the fibre will be equal to the power 
deflected out from the resonator back into the optical 
fibre. By adjusting the phase of the light inside the ex- 
ternal resonator, destructive interference between light 
from the resonator and light remaining in the fibre can 

2 0 be obtained in a selected propagation direction. Hence, 
by tuning the external resonator, it is possible to pre- 
vent light of the resonant wavelength from propagating in 
a selected direction in the fibre. Likewise, it is possi- 
ble to achieve fractional destructive interference, and 

2 5 thereby prevent only a fraction of the resonant wave- 

length from propagating in a selected direction. In this 
way, tuneable attenuation of the channel power is at- 
tained. The features of this embodiment will be fully un- 
derstood when the detailed description below is read. 

3 0 In another embodiment, similar to the one described 

above, the external resonator is constantly tuned (or 
fixed) to provide constructive interference. According to 
this embodiment, attenuation is achieved by introducing a 
loss in the external resonator. Consequently, when the 
3 5 two portions of the channel are brought back together, 

the resulting power is lower than the power before divid- 
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ing the channel. Typically, it is possible to achieve up 
to about 50 percent attenuation with this embodiment. 

According to yet another embodiment of the present 
invention, the external resonator encloses two optical 
5 fibres. The selection region provided by said resonator 
is then responsible for the coupling of the resonant 
wavelength between said two fibres. The coupling factor 
between the two fibres can be tuned by adjusting the 
properties of the external resonator, and thereby provide 

10 tuneable attenuation of the selected channel at the cou- 
pling between the two fibres. Alternatively, a variable 
loss can be introduced into the external resonator. 

Other embodiments of the present invention rely on 
an internal resonator, rather than the external resonator 

15 described above. The internal resonator is preferably co- 
linear with the propagation direction of the waveguiding 
structure. Such internal resonator is provided by arrang- 
ing at least one Bragg grating in the waveguiding struc- 
ture. Preferably, said grating is a chirped Bragg grating 

2 0 being resonant to different wavelengths at different po- 

sitions along the same. A controllable amount of power 
can easily be removed from one channel of the wavelength 
division multiplexed optical signal at the position of 
the corresponding resonance. Wavelength selective cou- 
25 pi ing assisted by a chirped Bragg grating is described in 
the co-pending application "Optical Coupling" (US App . 
09/608 218), which is hereby incorporated by reference. 

According to the present invention, the internal 
resonance provides a selection region in which attenua- 

3 0 tion can be obtained by introducing, for example, a loss. 

The loss can be of simple nature, for example a micro- 
bend of the fibre, said micro-bend causing light to leak 
out of the optical fibre. Since the power density of a 
selected channel in the selection region is substantially 
3 5 higher than the power density of other channels, the loss 
predominantly affects the selected channel. Another fea- 
sible approach to achieve tuneable loss is to utilise 
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evanescent coupling of light from the selection region. 
By controlling the distance between a probe and the 
waveguiding structure, the power coupled out from the 
waveguiding structure can be controlled. Yet another 
5 method of inducing a loss is to utilise controllable liq- 
uid crystals, in which the transmittance can be arbitrar- 
ily varied. 

Preferably, the properties of the selection region 
are adjusted so that the selected channel is unaffected 

10 in default setting. Furthermore, and since all channels 

except for the selected channel are unaffected by the se- 
lection region, any number of arrangements can be intro- 
duced in cascade in a communications network. Channel 
balancing according to the present invention is thus in- 

15 herently cascadeable. 

Furthermore, no feedback to the sender (the trans- 
mitter) is needed although pre -equalising is certainly 
possible within the scope of the present invention. 

It is important to understand that the term channel 

2 0 balancing does not imply that the power level of all 

channels should be made equal. Conversely, the power lev- 
els of the channels could be adjusted to any desired 
value. Thus, the present invention provides channel se- 
lective power control, thereby allowing control of the 

2 5 power distribution between channels in a WDM or DWDM op- 

tical signal. 

It is to be understood that all the embodiments of 
the present invention are inherently serial, in that any 
number of resonators (or selection regions) can be ar- 

3 0 ranged in cascade. Thus, there is no limitation on the 

number of channels that can be balanced (i.e. individu- 
ally attenuated) . 

Brief description of the drawings 
3 5 In the following, a number of preferred embodiments 

of the present invention will be described in detail. The 
description below is more easily understood when read in 
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conjunction with the drawings, in which 

figure 1 schematically shows an arrangement accord- 
ing to the present invention comprising external resona- 
tors ; 

5 figure 2 schematically shows an arrangement accord- 

ing to the present invention having a super dynamic capa- 
bility; 

figure 3 schematically shows a magnified picture of 
an arrangement according to the present invention; 
10 figure 4 schematically shows an arrangement accord- 

ing to the present invention comprising external resona- 
tors in which controllable absorbers are provided; 

figure 5 schematically shows an arrangement accord- 
ing to the present invention comprising controllable ab- 
15 sorbers and having a super dynamic capability; 

figure 6 schematically shows how a super dynamic 
filtering capability is achieved; 

figure 7 schematically shows an input signal, a fil- 
ter function and a filtered output signal ; 
20 figure 8 schematically shows, in block form, a set- 

up for channel balancing of an optical signal propagating 
in a fibre; 

figure 9 schematically shows, in block form, a set- 
up for channel balancing, including a pre-amplif ier and a 
25 power-amplifier for amplifying the optical signal; 

figure 10 schematically shows an arrangement accord- 
ing to the present invention comprising two fibres pro- 
vided within external resonators; 

figure 11 schematically shows an arrangement accord- 
3 0 ing to the present invention comprising two fibres with 
internal resonators; and 

figure 12 schematically shows two embodiments of an 
arrangement according to the present invention comprising 
a single fibre with internal resonators. 
3 5 Throughout the drawings, like parts are designated 

by like references. 
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Detailed description of preferred embodiments 

A first preferred embodiment of an arrangement ac- 
cording to the present invention is schematically shown 
in figure 1. The arrangement shown is to be regarded as 
5 the best mode of carrying out the invention, based on 
current knowledge . 

Figure 1 shows a channel balancing arrangement 10 
having an input fibre 1 that is connected to an optical 
circulator 2 . The circulator 2 is arranged to direct 

10 light coming from the input fibre 1 into an intermediate 
fibre 3, and to direct light coming from the intermediat 
fibre 3 into an output fibre 4 . Channel balancing accord 
ing to the present invention is accomplished in the in- 
termediate fibre 3. The fibres 1, 3 and 4 are all capabl 

15 of carrying a wavelength division multiplexed optical 
signal . 

The intermediate fibre 3 comprises a chirped Bragg 
grating 5 (shown in the figures as vertical bars with in 
creasing separation) , which reflects all light within a 

2 0 predefined wavelength range back towards the circula- 

tor 2 . The chirped grating 5 acts as a distributed back- 
reflector for light entering the intermediate fibre 3; 
different wavelengths are back-reflected, at different po 
sitions of the chirped grating 5. Hence, if the interme- 
25 diate fibre 3 is inactive, the optical signal will con- 
tinue down the communications link on the output fibre 4 
much as if the intermediate fibre 3 and the circulator 2 
was not there . 

However, at the intermediate fibre 3, there is ar- 

3 0 ranged a plurality of external resonators 6, each of 

which is defined by a first 7 and a second 8 mirror ar- 
ranged outside and on opposite sides of the fibre 3 . Fur 
thermore, each external resonator 6 is coupled to the in 
termediate fibre 3 by a respective deflector 9. The de- 
35 f lectors 9 are preferably comprised of tilted, i.e. 
blazed, Bragg gratings that are superimposed on the 
chirped Bragg grating 5 in the intermediate fibre 3, and 



WO 02/052762 



PCT/SE01/02840 



13 

arranged to deflect light from the fibre 3 and into the 
respective external resonator 6, and to deflect light 
from each respective external resonator 6 into the fibre 
3 . 

5 The deflecting power of the deflectors 9 can be very 

low, only a very small fraction of light in the fibre 3 
being deflected into each external resonator 6. However, 
the chirped grating in the fibre governs, in the region 
where each wavelength is reflected, the accumulation of 

10 power for that wavelength. Thus, the deflected power of 
any one wavelength can be enhanced by providing the de- 
flector in the region where said wavelength is reflected 
by the chirped Bragg grating. At equilibrium, the cou- 
pling of light to and from the resonator will be equal. 

15 The power of the resonant wavelength will be signifi- 
cantly increased inside the resonator, and will be cou- 
pled back into the intermediate fibre by the associated 
deflector. Note that since light is reflected back and 
forth in the resonators, the deflector (i.e. the tilted 

2 0 Bragg grating) will couple light back into the fibre in 

both propagation directions. By making the refractive in- 
dex modulation of the chirped grating 5 sufficiently 
large, a second resonance can be obtained in the chirped 
grating 5, which resonance further increases the coupling 

2 5 of power of the resonant wavelength. The mechanism behind 

the resonantly enhanced coupling in connection with a 
chirped Bragg grating is comprehensively described in the 
aforementioned co-pending application "Optical Coupling" 
(US App. 09/608 218) . 

3 0 The part of the optical signal not entering any ex- 

ternal cavity 6 will, as indicated above, be back- 
reflected by the chirped grating 5. At each deflector 9, 
the back-reflected light of one wavelength will interfere 
with light coupled out of the respective external resona- 
35 tor 6. By adjusting the external resonator, preferably by 
a parallel displacement of the two mirrors 7 and 8 with 
respect to the fibre 3, destructive interference can be 
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achieved such that no light of the resonant wavelength 
can return to the optical circulator 2 . Alternatively, 
destructive interference can be achieved by altering the 
optical path length of the external resonator by changing 
5 the refractive index in at least some portion thereof. 
Consequently, the corresponding wavelength channel is 
eliminated from the multiplexed optical signal. When 
light of one channel is prohibited to return to the cir- 
culator 2 in this way, light energy is instead forced to 
10 leave the system elsewhere, for example through the 

chirped grating 5 or through either of the resonator mir- 
rors 7 , 8 . 

It is to be understood that different levels of de- 
structive interference can be obtained by adjusting the 

15 external resonators. This means that each channel can be 
fully blocked or fully passed, as well as partly blocked 
to any desired degree. 

Hence, the external resonators provide selection re- 
gions where corresponding channels are singled-out from 

20 the multiplexed optical signal. Each of the external 

resonators 6 is individually adjustable so that, by cas- 
cading such resonators, attenuation can be effected si- 
multaneously on any number of channels. 

The arrangement shown in figure 1 is provided in an 

25 optical communications link, in which a WDM signal or a 
DWDM signal is propagated. The optical signal enters the 
optical circulator 2 from the input fibre 1; and is di- 
rected into the intermediate fibre 3 where the channel 
balancing is performed. From the intermediate fibre 3, 

3 0 light is directed into the output fibre 4 by the optical 
circulator 2 for further transmission down the communica- 
tions link. Thus, the arrangement 10 is designed to be 
connected anywhere in an existing optical network. 

An external resonator can also be tuned to be reso- 

3 5 nant to any wavelength within the tuning range by chang- 
ing the separation between the first 7 and the second 8 
mirror, or by tilting the external cavity 6 in its en- 
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tirety with respect to the fibre 3 . In this way, more 
than one resonator can be made resonant to almost the 
same wavelength. Consequently, one channel within the 
multiplexed optical signal can be filtered (attenuated) 
5 by more than one selection region. This feature gives the 
arrangement according to the invention great versatility 
and provides a "super dynamic" capability, i.e. the capa- 
bility of shaping the filter function. This super dynamic 
capability will be further described with reference to 

10 figure 2. 

The variable attenuation by destructive interference 
will now be described in greater detail with reference to 
figure 3 . Figure 3 is a schematic magnified picture of 
one external resonator 6 and its associated deflector 9. 

15 Also shown in the figure is the back-reflecting grat- 
ing 5, now shown as a plane mirror in the waveguiding 
structure 3. The blazed grating, constituting the deflec- 
tor 9, is shown as a single domain between the resonator 
mirrors. The above simplifications are for the purposes 

2 0 of graphical clarity only. 

Light (the optical signal) is sent into the arrange- 
ment from the left in the figure, as indicated by the 
reference numeral 31. When impinging upon the deflector 
9, some of the light is deflected towards the upper reso- 

25 nator mirror (as indicated by 32) , and some light is 

transmitted towards the back-reflector (as indicated by 
33) . Light deflected towards the upper resonator mirror 
32 is reflected back towards the deflector and, again, 
some light is reflected back to the left (as indicated by 

30 34) in the figure (counter-propagating to the incoming 
light) and some light is transmitted towards the lower 
resonator mirror (as indicated by 35) . Light initially 
transmitted towards the back-reflector 33 will, at the 
back-reflector 5, be reflected back towards the deflector 

35 9. At the deflector, some of this light is reflected to- 
wards the lower resonator mirror (as indicated by 3 7) , 
and some of the light is transmitted back to the left (as 
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indicated by 36) in the figure (counter-propagating to 
the incoming light) . 

Now, in the lower part of the external resonator 6a, 
two beams are superimposed; namely light from the back- 
5 reflector 3 7 and light from the upper resonator mir- 
ror 35. On the other hand, two beams are also superim- 
posed in the waveguiding structure to the left of the de- 
flector. For clarity only, the beams are shown with a 
small offset. By a parallel displacement of the external 

10 resonator 6 with respect to the waveguiding structure 3, 
or by changing the refractive index in at least some por- 
tion of the external resonator, destructive interference 
between the two superimposed beams can be obtained either 
in the lower part of the external resonator (beams 3 5 and 

15 3 7) , or in the waveguiding structure to the left of the 

deflector (beams 34 and 3 6) . Consequently, if destructive 
interference is obtained in the waveguiding structure to 
the left of the deflector, all light is forced into the 
external resonator 6. The channel at issue is thus 

2 0 blocked from returning to the circulator 2 (not shown in 

figure 3) . On the other hand, if destructive interference 
is obtained in the lower part of the external resona- 
tor 6a, light is actually prevented from entering the ex- 
ternal resonator 6 at all, and hence all light is trans - 
25 mitted back towards the circulator 2 . The channel at is- 
sue is thus unaffected and transmitted back to the circu- 
lator 2 in its entirety. 

Figure 2 shows schematically an arrangement accord- 
ing to the present invention having a super dynamic capa- 

3 0 bility. Each of the external resonators 6, as compared to 

the arrangement shown in figure 1, is divided into six 
separate external sub-resonators. It is to be understood 
that any number of sub-resonators is conceivable, the 
shown embodiment of six sub-resonators being an example 
3 5 only. In this embodiment, a wavelength division multi- 
plexed optical signal coming into the optical circulator 
2 from the input fibre 1 is directed into the intermedi- 
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ate fibre 3. In the intermediate fibre 3, separate chan- 
nels of the optical signal are attenuated individually, 
i.e. channel balancing is performed. When it comes back 
to the optical circulator 2 from the intermediate fibre 
5 3, the optical signal is directed into the output fibre 4 
for further transmission down the optical communications 
link. 

In the intermediate fibre 3, there is provided a 
chirped Bragg grating 5, reflecting essentially all light 

10 within a predefined wavelength range. Thus, if the opti- 
cal signal is not manipulated with in the intermediate 
fibre 3, the signal will return to the optical circulator 
2 and be directed into the output fibre 4 . At the inter- 
mediate fibre 3, there is arranged a plurality of exter- 

15 nal resonators 6, each of which comprises a plurality of 
sub-resonators. In fact, a sub-resonator is not different 
from any other external resonator, the expression sub- 
resonator being used only to point out that a plurality 
of resonators is coupled to, or associated with, a common 

20 channel within the optical signal. The external resona- 
tors 6 are coupled to the intermediate fibre 3 by deflec- 
tors superimposed on the chirped Bragg grating in the in- 
termediate fibre. The deflectors are arranged to deflect 
light from the intermediate fibre 3 into the respective 

2 5 external resonator 6, and to deflect light from each ex- 

ternal resonator 6 into the intermediate fibre 3 . 

The super dynamic capability of the arrangement 
shown in figure 2 is provided by the sub-resonators in 
each external resonator. As mentioned above, each exter- 

3 0 nal resonator is divided into a plurality of individual 

sub- resonators , each having its own phase and its own 
resonant wavelength. Each sub-resonator is defined by a 
pair of sub-mirrors, said sub-mirrors being individually 
controllable in order to allow tuning of the phase and 
35 the resonant wavelength of each sub-resonator individu- 
ally. It is important to understand that when a plurality 
of external resonators is coupled to a common channel 
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within the optical signal, these external resonators are 
named sub-resonators (to that particular channel) . Conse- 
quently, the effects of all sub-resonators are superim- 
posed on each other when the resonant channels are de- 
5 fleeted back into the intermediate fibre. 

Although it could be possible to achieve a super dy- 
namic capability with distributed resonators, each having 
its own deflector, it is preferred that the super dynamic 
capability for each channel is provided by a plurality of 

10 sub-resonators arranged adjacent to each other, and cou- 
pled to a common channel within the WDM or DWDM optical 
signal. With such an arrangement, the chirped grating 
that enhances the coupling between the external resona- 
tors and the intermediate fibre can be utilised effec- 

15 tively. 

As illustrated in figure 6, each sub-resonator is 
adjusted to a different resonant wavelength and adjusted 
to provide a desired attenuation, thereby constituting, 
in fact, six different filters for the one and same chan- 

20 nel. The superposition of these six filters provides the 
super dynamic capability of the arrangement shown in fig- 
ure 2. By tuning the sub-resonators individually, the re- 
sulting filter function for a channel can be flattened, 
broadened or modified. The filtering is therefore said to 

25 be super dynamic, and the arrangement exhibits a super 
dy nami c capability. 

Referring now to figure 4, an embodiment related to 
that shown in figure 1 comprises controllable absorbers 
12 or similar means inside the external resonators 6. In 

3 0 this case, the resonators need not be tuneable themselves 
as long as they are adjusted to the proper wavelength. 
Rather, controllable attenuation is provided by said ab- 
sorbers 12 . This embodiment is somewhat simpler than the 
foregoing, in that it lacks some of the features of the 

35 arrangement above. However, in many cases this less 

elaborated arrangement may be preferred by virtue of its 
simplicity. 
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The external resonators of the embodiment shown in 
figure 4 are typically arranged to provide constructive 
interference between back-reflected light from the 
chirped grating and light coupled out from the resona- 
5 tors. Attenuation is achieved by changing the amplitude 
of the light from the resonators. In an exemplary situa- 
tion, half of the channel power could be deflected into 
the external resonator and half of the power could be 
back-reflected by the chirped grating. If no absorption 

10 takes place in the external resonator, the channel is not 
attenuated. On the other hand, if all light in the exter- 
nal resonator is absorbed, the channel power is halved. 
Thus, the embodiment of figure 4 could not, in the case 
indicated above, be used to eliminate a channel from the 

15 wavelength division multiplexed optical signal, but only 
to reduce the signal strength by half. However, in most 
practical applications, this is sufficient indeed. 

The arrangement shown in figure 4 can be further ex- 
tended to have super dynamic filtering capabilities, much 

20 alike the arrangement shown in figure 2, by using a plu- 
rality of external resonators as sub-resonators. An ar- 
rangement comprising external resonators arranged into 
sub-resonators and comprising a controllable absorber for 
each channel (each set of sub-resonators) is shown in 

25 figure 5. Although it is certainly possible to allow in- 
dividual tuneability by adjustably mounting the sub- 
mirrors defining the sub-resonators, it is preferred to 
have fixed sub-mirrors. When the sub-mirrors are fixed, 
each sub-resonator is resonant to a fixed wavelength. The 

3 0 arrangement is only tuned by adjusting the transmittance 
of the controllable absorbers inside the external resona- 
tors. Further versatility is achieved by providing a 
dedicated absorber for each sub-resonator. Preferably, 
the absorber comprises an array of controllable liquid 

35 crystal cells. The transmittance of each cell then de- 
fines the attenuation in each sub-resonator. 
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The advantageous feature of super dynamic capability 
of the present invention is summarised in figure 6 . As 
illustrated, more than one resonator is tuned to be reso- 
nant to a wavelength close to a selected channel. The 
5 resonant wavelength interval of each resonator is 

slightly overlapping, thereby providing a superposition 
of the filter curves, as indicated to the left in the 
figure. The total effect of in this case four different 
filters is indicated to the right of the figure. By su- 

10 perimposing a plurality of filters in this way, the 

transmission curve (the filter curve) can be tailored to 
a desired profile (shaped, flattened or broadened) . Thus, 
this capability is referred to as being super dynamic. 
Arrangements having this super dynamic capability are de- 

15 scribed above and are schematically shown in figures 2 
and 5 . 

Figure 7 shows schematically how channel balancing 
is performed. A plurality of channels within a wavelength 
division multiplexed optical signal is propagated in an 

2 0 optical fibre. The different channels have different sig- 

nal powers, as indicated in the uppermost diagram of fig- 
ure 7. The optical signal is launched into an arrangement 
for channel balancing according to the present invention. 
In the illustrated case, all channels are selected for 

25 attenuation and the desired result is that all channels 
should have the same power level (signal strength) . For 
each of the channels, a resonance is established that 
provides a respective selection region. Each selection 
region is then adjusted so that proper attenuation D is 

30 applied to each channel. In other words, transmission 
windows are provided for each channel, as indicated in 
the centre diagram of figure 7 . When the optical signal 
has passed through the transmission window (actually, 
when each channel has been attenuated by a desired 

3 5 amount) , it is coupled into the transmission fibre carry- 

ing the signal (corresponding to the output fibre of the 
arrangement 10. Consequently, the optical signal has been 
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subject to channel balancing, in which the strength of 
all channels has been equalised, as indicated in the low- 
ermost diagram of figure 7. 

By using other levels of attenuation for each chan- 
5 nel, it is straightforward to achieve any power profile 
of the balanced signal. 

Figure 8 illustrates how channel balancing according 
to the present invention is implemented at an optical 
communications link. An attenuator arrangement 10 accord - 

10 ing to any one of the embodiments of the present inven- 
tion is connected to an optical fibre 4 0 capable of car- 
rying a wavelength division multiplexed optical signal. A 
controller 41 is operatively connected to the attenuating 
arrangement 10 in order to control the channel balancing. 

15 Downstream and/or upstream in the fibre 40 from the at- 
tenuating arrangement 10 there is provided a spectrum 
analyser 42 . The spectrum analyser 42 is arranged to ana- 
lyse the power spectrum of the optical signal propagating 
in the optical fibre 40. The measured power spectrum is 

2 0 sent to the controller 41 and at least one channel within 

the optical signal having higher than a desired power 
level is identified and selected for attenuation. The 
controller 41 adjusts the attenuating arrangement 10 in 
order to provide the desired attenuation of the at least 
25 one selected channel. 

Either of the spectrum analysers 42 can be omitted. 
If spectrum analysis is performed only upstream from the 
attenuating arrangement, the optical signal is analysed 
prior to being subjected to attenuation, and the desired 

3 0 channel balancing is performed at the attenuating ar- 

rangement in accordance with the measured power spectrum 
forwarded to the controller. If, on the other hand, spec- 
trum analysis is performed only downstream from the at- 
tenuating arrangement, the optical signal is analysed af- 
3 5 ter being subjected to attenuation, and the measured 

power spectrum is fed back to the controller in order to 
provide the required channel balancing. 
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However, it is sometimes preferred to analyse the 
power spectrum of the optical signal both upstream and 
downstream of the attenuating arrangement. In this case, 
the measurement of the power spectrum performed upstream 
5 from the attenuating arrangement is used to establish a 
desired attenuation, and the measurement performed down- 
stream of the attenuating arrangement is used to check 
that the desired channel balancing was actually provided. 
It is to be understood that the spectrum analysis can be 

10 performed remote from the attenuating arrangement 10, 

i.e. from the place where the actual channel balancing is 
performed. Nevertheless, it is preferred that spectrum 
analysis is performed close to the channel balancing, in 
order to minimise the need for feedback and feedforward 

15 connections. 

Furthermore, the controller 41 is preferably opera - 
tively connected to input 43 and output 44 devices, such 
as a keyboard, a peripheral monitoring and surveillance 
system, a display screen, etc., in order to allow auto- 

2 0 mated or operator assisted control of the channel balanc- 

ing. For example, it may be desired to reconfigure the 
controller 41 in order to provide channel balancing ac- 
cording to a new scheme. At one instant it may be pre- 
ferred to achieve a uniform signal-to-noise ratio of the 
25 channels in the optical signal; at some other instant it 
may be preferred to achieve a uniform power distribution; 
and at yet another instant it may be preferred to achieve 
a certain power profile. 

Figure 9 shows schematically an extended implementa- 

3 0 tion of the arrangement for channel balancing, including 

a pre amplifier 45 upstream from the attenuator 10, and a 
power amplifier 46 downstream from the attenuator 10. 
Such configuration is often preferred in order to achieve 
a high enough power level of the channels. The amplifiers 
35 45, 46 can have a predefined gain, but it is also con- 
ceivable to control the gain of the amplifiers from the 
controller 41. 
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Figure 10 shows schematically yet another embodiment 
of an attenuating arrangement according to the present 
invention. In this case, two fibres 101, 102 are enclosed 
within external resonators 6. Rather than coupling the 
5 resonant channel back into the same fibre from the selec- 
tion region, as is the case for the arrangement show in 
figure 1, the selected channel is coupled into a second 
intermediate fibre 101. Similar to the arrangement shown 
in figure 1, the arrangement of figure 10 can be provided 

10 with chirped Bragg gratings (not shown) in the intermedi- 
ate fibres 101, 102 as well as with controllable absorb- 
ers 12 in the external resonators 6. An advantage of this 
embodiment is that the optical circulator can be elimi- 
nated by connecting an input fibre from the optical com- 

15 munications link to one of the intermediate fibres, and 
an output fibre to the other of the intermediate fibres. 

Figure 11 shows schematically another embodiment of 
an attenuating arrangement according to the present in- 
vention. The embodiment shown in figure 11 is different 

2 0 from the one shown in figure 9 in that the external reso- 

nators are omitted. In this case, instead, internal reso- 
nators are utilised, which are constituted by a chirped 
Bragg grating 5 of strong index modulation in each fibre. 
Attenuation of an individual channel is easily achieved 
25 by introducing an absorber 12 between the two fibres. One 
channel is deflected from one fibre to the other by de- 
flectors 9 superimposed on the chirped Bragg grating in 
the two fibres. Although the resolution of a filter ac- 
cording to the embodiment shown may not be as good as for 

3 0 the embodiment of figure 10, it may still be preferred by 

virtue of its simplicity. 

Figure 12 shows schematically an ingeniously simple 
embodiment of the present invention. In this case, a 
chirped grating 5 inside the fibre provides resonances to 
3 5 different wavelengths at different positions along the 
same. These resonances define a number of selection re- 
gions, in which the resonant wavelength has a substan- 
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tially higher power density than other wavelengths. Wave- 
length specific (i.e. channel specific) attenuation is 
obtained by acting upon the fibre at the proper posi- 
tions. For example, a loss can be introduced simply by 
5 pressing on the fibre at the appropriate position (at the 
position in which the chirped grating is resonant to the 
desired channel) and thus induce micro-bends that cause 
leaking of light out from the fibre, as shown in the 
lower picture of figure 12 . By pressing on the fibre at a 

10 proper selection region, loss is predominantly introduced 
for the selected channel in that region (i.e. the channel 
that is resonant in said region) . 

Note that the power density of the resonant wave- 
length is increased in the selection region. This allows 

15 of a small enough loss to be used not to affect other 
wavelengths (other channels) . 

Alternatively, the loss can be introduced by moving 
a probe close to the waveguiding structure, thereby caus- 
ing evanescent coupling of light out from the same, as 

2 0 shown in the upper picture of figure 12. The amount of 

light coupled out depends on the separation of the probe 
from the waveguiding structure. Preferably, if evanescent 
coupling is used for attenuating the optical signal, the 
cladding of fibre is partly removed in order to allow 

2 5 evanescent interaction with light in the core of the fi- 

bre . 

It is to be understood that each resonator or reso- 
nant portion in the attenuating arrangement is, in fact, 
a dynamic optical coupler. The dynamic optical coupler 

3 0 can be utilised to remove a controlled amount of power 

from the resonant wavelength channel. For example, the 
dynamic optical coupler can be used as an add/drop device 
for adding and/or dropping a selected channel to or from 
a wavelength division multiplexed optical signal propa- 
35 gating in an optical fibre. 

Optical fibres that are commonly used for communica- 
tion purposes are usually not polarisation maintaining. 



WO 02/052762 



PCT/SE01/02840 



25 

Therefore, it is preferred, and in some cases essential, 
that the channel specific power control according to the 
present invention is performed on two orthogonal polari- 
sation directions. It is preferred, for example, that the 
5 WDM optical signal is separated into two orthogonal po- 
larisation components and sent into a respective polari- 
sation maintaining fibre, in which channel selective 
power control (or channel balancing) according to the 
present invention is performed on both components sepa- 

10 rately and in concert. Subsequently, the two components 
are recombined into the transport fibre (which is typi- 
cally not polarisation maintaining) after having been 
subject to said power control. 

The embodiments of the present invention that are 

15 described above and schematically shown in the drawings 
are not intended to limit the scope of the protection 
sought. On the contrary, any person skilled in the art 
will realise that a number of different embodiments, and 
modification of the embodiments shown and described, are 

2 0 conceivable within the scope of the invention. The scope 
of the invention is defined in the appended claims. 
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CLAIMS 

1. A method for channel selective power control of a 
wavelength division multiplexed optical signal, the 
5 method including the steps of : 

selecting at least one channel within said optical 
signal having higher than a desired power level; 

establishing a resonance to the selected channel, 
the resonance providing a selection region where said se- 
10 lected channel has a substantially increased power den- 
sity relative to channels out of resonance; and 

attenuating said selected channel a desired amount 
by adjusting the properties of said selection region. 

15 2. A method as set forth in claim 1, in which the step 
of selecting at least one channel having higher than a 
desired power level is performed by means of spectrum 
analysis of the wavelength division multiplexed optical 
signal . 

20 

3. A method as set forth in claim 1, in which the step 
of establishing a resonance comprises the steps of 

providing an external resonator, which is defined by 
a first and a second mirror, said first and said second 

2 5 mirror being provided outside and on opposite sides of a 

waveguiding structure, preferably an optical fibre, car- 
rying the optical signal; and 

deflecting light between the waveguiding structure 
and the external resonator, said deflecting being ef - 

3 0 fected by a deflector provided in said waveguiding struc- 

ture . 

4. A method as set forth in claim 1, in which the step 
of attenuating is performed by introducing a loss in the 

35 selection region. 



WO 02/052762 



PCT/SE01/02840 



27 

5. A method as set forth in claim 4, in which the step 
of attenuating is performed by introducing an absorbing 
element in the selection region. 

5 6. A method as set forth in claim 3, in which the step 
of attenuating is performed by introducing an absorbing 
element inside the external resonator. 

7. A method as set forth in claim 4, in which the step 
10 of attenuating is performed by making the selection re- 
gion leaky, light thereby being caused to leak out of the 
same . 

8. A method as set forth in claim 3, in which the step 
15 of attenuating is performed by changing the phase of the 

selected channel in the selection region relative to the 
phase of the selected channel in the waveguiding struc- 
ture, thereby causing destructive interference on the se- 
lected channel . 

20 

9. A method as set forth in claim 8, in which the phase 
of the selected channel is changed by making a parallel 
displacement of the first and the second mirror with re- 
spect to the waveguiding structure . 

25 

10. A method as set forth in claim 8, in which the phase 
of the selected channel is changed by altering the re- 
fractive index in at least some portion of the external 
resonator, thereby altering the optical path length in 

3 0 the resonator. 

11. A method as set forth in claim 9 or 10, further com- 
prising the step of altering the separation between the 
first and the second mirror. 

35 

12. A method as set forth in claim 1, further comprising 
the steps of 
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deflecting the selected channel from a first 
waveguiding structure carrying the optical signal into an 
external selection region; and 

coupling the selected channel from the selection re- 
5 gion into a second waveguiding structure; 

the step of attenuating the selected channel being 
performed by absorbing light in said selection region. 

13. A method as set forth in claim 12, in which the step 
10 of establishing a resonance comprises the step of provid- 
ing an external resonator enclosing both the first and 
the second waveguiding structures, said external resona- 
tor being defined by a first and a second mirror arranged 
outside and on opposite sides of the first and the second 

15 waveguiding structures. 

14. A method as set forth in claim 12, in which the step 
of establishing a resonance comprises the step of provid- 
ing at least one Bragg grating in each of the first and 

2 0 the second waveguiding structures. 

15. A method as set forth in claim 14, in which at least 
one of the Bragg gratings is a chirped grating. 

25 16. A method as set forth in any one of the claims 12 to 
15, in which the step of deflecting the selected channel 
from the first waveguiding structure is performed by 
means of a first blazed phase grating in the first 
waveguiding structure, and the step of coupling the se- 

3 0 lected channel into the second waveguiding structure is 

performed by means of a second blazed grating in the sec- 
ond waveguiding structure. 

17. A method as set forth in claim 1, in which the reso- 
35 nance to the selected channel is established by arranging 
one or several Bragg gratings inside a waveguiding struc- 
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ture, preferably an optical fibre, carrying the optical 
signal . 

18. A method as set forth in claim 17, in which the 
5 resonance is established by arranging a chirped Bragg 

grating in the waveguiding structure, said grating being 
resonant to different wavelength channels at different 
portions along the same. 

10 19. A method as set forth in claim 18, in which the se- 
lection region is comprised within the resonance, and at- 
tenuation is provided by introducing a loss in said se- 
lection region. 



15 20. A method as set forth in claim 19, in which the se- 
lection region is made leaky by bending a selected por- 
tion of the waveguiding structure, light of predominantly 
the selected channel thereby being caused to leak out 
from the selection region. 

20 

21. A method as set forth in claim 19, in which the se- 
lection region is made leaky by moving a light guiding 
probe close enough to the waveguiding structure to allow 
evanescent coupling of light from the waveguiding struc- 

25 ture into said probe. 

22. A method as set forth in claim 3, in which the de- 
flector is provided within an internal resonator in the 
waveguiding structure, thereby enhancing the spectral se- 

3 0 lectivity of the channel balancing. 

23. A method as set forth in claim 3, further comprising 
the step of tuning the external resonator to the wave- 
length of the selected channel . 



35 
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24. A method as set forth in claim 23, in which the step 
of tuning the resonance is performed by adjusting the 
separation between the first and the second mirror. 

5 25. A method as set forth in claim 23, in which the step 
of tuning the resonance is performed by tilting the ex- 
ternal resonator with respect to the waveguiding struc- 
ture . 

10 26. A method as set forth in claim 23, in which the step 
of tuning the resonance is performed by 

adjusting the separation between the first and the 
second mirror; and 

tilting the external resonator with respect to the 
15 waveguiding structure. 

27. A method for controlled removal of power from a se- 
lected channel within a wavelength division multiplexed 
optical signal propagating in a waveguiding structure, 

20 preferably an optical fibre, comprising the steps of: 

establishing a selection region in which the power 
density of said selected channel is increased relative to 
other channels within said optical signal; and 

removing a controlled amount of power from said se- 
25 lected channel by controlling the properties of said se- 
lection region. 

28. A method as set forth in claim 27, in which a chan- 
nel is selected by performing spectrum analysis of the 

3 0 wavelength division multiplexed optical signal, and se- 
lecting at least one channel having higher than a desired 
power level . 

29. A method as set forth in claim 27, in which the step 
35 of establishing a selection region comprises the step of 

providing a resonance to the selected channel, in which 



WO 02/052762 



PCT/SEO 1/02840 



31 

resonance the power density of the selected channel is 
increased relative to other channels. 

30. A method as set forth in claim 29, in which the se- 
5 lection region is established outside the resonance. 

31. A method as set forth in claim 29, in which the se- 
lection region is established within the resonance. 

10 32 . A method as set forth in claim 27, in which the step 
of removing a controlled amount of power from the se- 
lected channel is performed by introducing a variable 
loss in the selection region. 

15 33. A method as set forth in claim 32, in which the 
variable loss is introduced by absorbing a controlled 
amount of light in the selection region. 

34. A method as set forth in claim 27, in which a con- 
20 trolled amount of power is removed by adjusting the prop- 
erties of the selection region in such a way that de- 
structive interference is achieved, which prevents light 
from propagating in the waveguiding structure. 

25 35. An arrangement for channel selective power control 
of a wavelength division multiplexed optical signal 
propagating in a waveguiding structure, preferably an op- 
tical fibre, the arrangement comprising 

a spectrum analyser arranged to analyse the power 

3 0 spectrum of said optical signal and to identify and se- 
lect at least one channel within said optical signal hav- 
ing higher than a desired power level; 

an attenuator arranged to attenuate a selected chan- 
nel within said optical signal; and 

3 5 a resonator arranged to provide a selection region 

where the selected channel has a substantially increased 
power density relative to channels out of resonance, 
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the attenuator further being arranged to attenuate 
said selected channel by changing the properties of said 
selection region. 

5 36. An arrangement as set forth in claim 35, comprising 
a plurality of attenuators and a plurality of resonators, 
said attenuators and said resonators being arranged to 
attenuate a plurality of wavelength channels within a 
wavelength division multiplexed optical signal. 

10 

37. An arrangement as set forth in claim 35, further 
comprising a controller, said controller being arranged 
to receive, from the spectrum analyser, information iden- 
tifying the at least one channel having higher than a de- 

15 sired power level, and to control the attenuator to pro- 
vide a desired level of attenuation to said at least one 
channel . 

38. An arrangement as set forth in claim 37, wherein the 
2 0 spectrum analyser is operatively connected to the optical 

fibre upstream from the attenuator. 

39. An arrangement as set forth in claim 37, wherein the 
spectrum analyser is operatively connected to the optical 

2 5 fibre downstream from the attenuator. 

40. An arrangement as set forth in claim 38, wherein a 
second spectrum analyser is operatively connected to the 
optical fibre downstream from the attenuator, said second 

3 0 spectrum analyser also being operatively connected to the 

controller . 

41. An arrangement as set forth in claim 35, wherein the 
resonator is an internal resonator arranged in the 

3 5 waveguiding structure, said internal resonator comprising 
a chirped Bragg grating. 
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42. An arrangement as set forth in claim 35, wherein the 
resonator is an external resonator arranged outside the 
waveguiding structure, said external resonator being de- 
fined by two mirrors arranged outside and on opposite 

5 sides of the waveguiding structure, said external resona- 
tor being coupled to said waveguiding structure by a de- 
flector . 

43. An arrangement as set forth in claim 42, wherein the 
10 attenuator is arranged to introduce a loss in the selec- 
tion region. 

44. An arrangement as set forth in claim 42, wherein the 
attenuator is arranged to change the properties of the 

15 selection region in such a way that the phase of light 
being coupled back into the waveguiding structure from 
the external resonator is out of phase with light of the 
resonant wavelength propagating in the waveguiding struc- 
ture, thereby causing attenuation by destructive inter- 

2 0 ference. 

45. An arrangement as set forth in claim 42, wherein a 
plurality of external resonators is coupled to a common 
channel of the WDM signal, said plurality of external 

2 5 resonators thereby constituting a set of sub-resonators 

associated with said channel. 

46. An arrangement as set forth in claim 42, wherein the 
external resonator is adjustable in such way that the 

3 0 wavelength to which the external resonator is resonant 

can be tuned. 

47. An optical device, comprising 

a waveguide, preferably an optical fibre, capable of 
3 5 carrying an optical signal having a plurality of wave- 
length channels; 

a resonator operatively connected to said waveguide, 
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the resonator being resonant to at least one wavelength 
interval within said plurality of wavelength channels, 
said resonator establishing a region where the resonant 
wavelength interval has a substantially increased power 
5 density relative to wavelength intervals out of reso- 
nance; and 

a controller arranged to adjust said resonator such 
that a controlled amount of power is removed from the 
resonant wavelength . 

10 

48. A device as set forth in claim 47, wherein the reso- 
nator is controllable such that the wavelength interval 
to which the resonator is resonant can be tuned, thereby 
allowing removal of power from different wavelength in- 

15 tervals at different instants. 

49. A device as set forth in claim 47, wherein the reso- 
nator is an external resonator arranged outside the 
waveguide, said external resonator being defined by two 

2 0 mirrors arranged outside and on opposite sides of the 

waveguide, said external resonator being coupled to said 
waveguide by a deflector. 

50. A device as set forth in claim 49, wherein the de- 
25 fleeter comprises a blazed phase grating provided in a 

core of the waveguide. 

51. A device as set forth in claim 49, wherein the con- 
troller is operative to change the phase of light of the 

3 0 resonant wavelength in the resonator relative to the 

phase of light of the same wavelength in the waveguide, 
thereby causing destructive interference on said wave- 
length. 

3 5 52. A device as set forth in claim 51, wherein the con- 
troller is operative to change the phase of light in the 
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resonator by causing a parallel displacement of the ex- 
ternal resonator with respect to the waveguide . 

53. A device as set forth in claim 51, wherein the con- 
5 troller is operative to change the phase of light in the 

resonator by causing a change in the refractive index in 
at least some portion of the external resonator. 

54. A device as set forth in claim 4 9 , wherein the con- 
10 troller is operative to provide absorption in the exter- 
nal resonator. 

55. A device as set forth in claim 54, further compris- 
ing a controllable liquid crystal provided inside the ex- 

15 ternal resonator, the controller being operative to pro- 
vide absorption by changing the transmittance of said 
liquid crystal. 

56. A device as set forth in claim 47, wherein the reso- 
2 0 nator is an internal resonator arranged inside the 

waveguide, said internal resonator comprising at least 
one Bragg grating. 

57. A device as set forth in claim 56, wherein the reso- 
25 nator comprises a chirped Bragg grating. 

58. A device as set forth in claim 56 or 57, wherein the 
waveguide comprises a bend that makes the resonator 
leaky. 

30 

59. A device as set forth in claim 56 or 57, wherein a 
light guiding probe is arranged within evanescent contact 
with the waveguide, light thereby leaking out from the 
resonator to said probe . 
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